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Spatial dynamics of costly spite and cooperation
by conformist transmission
Joe Yuichiro Wakano
Meiji Institute for Advanced Study ofMathematical Sciences
ABSTRACT
Consider a population of players involved in a two strategy $multi\cdot player$ game. Each player copies
the behavior of another player more likely when its payoffis smaller (social leaming). The leaming is
skewed so that they tend to conform to the majority (conformist transmission). Frequency dynamics
of the strategy is denved as a generalized rephcator equation. When the effect of conformism is
strong, the fixation to either strategy is locally stable. We study the outcome of spatial game where
players randomly migrate, play a game locally and perform leaming locally, based on the theory of
traveling wave solution in a scalar reaction diffusion equation. By applying the result to spatial
public goods game, we show not only that cooperation is less adaptive evolve under stronger conformist
transmission but also that spite behavior that decreases the other players’ payoff by paying cost
evolves. Such spite behavior does not evolve when $\infty nformism$ is weak or absent. The result
suggests that conformism might decrease the population average payoff and even promote
evolutionary suictde.
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( $v(p)$ ) 1 $u$ $T(u)$
$(T(0)-0,T(1)=1)_{0}$ $\Delta t$
( $u$ ) $=-$ ( 1 )
$+$ ( 1 )












$F^{i}(0)<0$ $u^{*}=0$ 1 $(u^{*}=1)$
$F^{1}(1)--v(p_{2}(1))+v(p_{1}(1))T^{\dagger}(1)<0$
$T(u)-u$ $T^{\dagger}(0)=T|(1)=1$




$u_{t}-du_{xx}+F(u)$ $(t\geq 0,x\in R)$ (RD)
$F(u)$ $u=u^{*}$ (
$v(p),$ $T(u)$ )
$u(x,0)-\phi(x)$ , $\phi(+\infty)<u^{*}$ , $\phi(-\infty)>u^{*}$
$u(x,t)-U(x-vt)$, $U(+\infty)-0$, $U(-\infty)\cdot 1$
(Fife&McLeod, Lecture Notes in Biomathematics26, SpringerVerlag


















$u=0$ ( ) $\Leftrightarrow$ $C>T^{I}(0)$
$u=1$ ( ) $\Leftrightarrow$ $C<1/T’(1)$
$T^{t}(0)-T^{\dagger}(1)=1$










$C- \frac{1}{1-D}$ $u$ $=1$
$u=0$ Basin of Attraction
$C-1+\epsilon$
$u^{*}- \frac{-2D+D_{\mathcal{E}+}\sqrt{D^{2}\epsilon^{2}+8D\epsilon^{2}+4D^{2}\epsilon+4D^{2}}}{4D\epsilon}$








$r>0$ $Q(u)$ $\exp(-ru)$ $u^{r}<u<1$
$u=1$ $f_{0}F(u)du<0$
$r<0$ $r>0$
$1_{0}^{F(u)du}>0$ $rarrow-\infty$ $u=1$ $F(u)$
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